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Introduction 
Assessment of genetic diversity within and between indigenous domesticated animal populations 
has of late become the subject of intense research. Information on the inherent genetic diversity 
is important in the design of breeding improvement programmes, making rational decisions on 
sustainable utilization and conservation of Animal Genetic Resources. The loss of genetic 
diversity is irreplaceable and thus there is need to conserve it. This is evident especially for 
indigenous breeds in developing countries, which are being replaced at a faster rate, by exotic 
high producing breeds in spite of their excellent adaptation to prevailing stressful environmental 
conditions. This poses the danger of losing valuable genes for adaptation to extreme 
environments and diseases, which may be of value in the near future.  
 
Several techniques for assessing genetic diversity exist (1). With the discovery of DNA based 
markers, traditional techniques such as protein polymorphism have been ignored on the 
argument that they are less informative. This study was designed to assess the efficiency of blood 
protein polymorphism as a rapid tool for assessing genetic diversity using the case study of 
indigenous sheep populations in Kenya that have not been characterized. 
 
Materials and Methods 
The study was carried out using two types of indigenous sheep populations in Kenya: fat-tailed 
(from Kwale, Makueni, Siaya, Kakamega and Kajiado Districts) and fat-rumped hair sheep 
(from Isiolo District). The Merino sheep was included in the study as the reference breed. A total 
of 497 (fat-tailed = 351, fat-rumped = 106 and Merino = 40) genetically unrelated animals were 
sampled from village flocks. Peripheral blood was collected from each animal into 10 ml EDTA 
vacutainer tubes and processed within a period of 24 hours after collection by centrifuging at 
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3000 rpm for 20 minutes. The plasma and red blood cells were each pipetted into separate clearly 
labeled two (2) ml vials and stored at -20 oC until electrophoresis. 
 
Seven-blood protein coding Loci (Transferrin (Tf), Albumin (Al), Esterase A (EsA), Esterase C 
(EsC), Haemoglobin (Hb), Carbonic anhydrase (Ca) and X- Protein (X)) were analysed, using 
polyacrylamide gel for Tf and starch gel electrophoresis for the other loci. Known standards 
were included on each gel to ensure consistency of genotype scoring. A detailed description of 
the analytical technique is published elsewhere (2). Exact significance probabilities (3) were 
used to determine allele frequency deviations from the expected Hardy-Weinberg Equilibrium. 
Allele diversity and expected heterozygosity were computed as measures of genetic variability 
while Wright (4) F-Statistic was used to analyze genetic differentiation. The minimum (Dm) and 
arc (Dc) genetic distances of Nei (5) and Cavalli – Sforza and Edwards (6) were computed as 
measures of genetic relationships and were used for phylogenetic analysis. All computations 
were done using the BIOSYS – 1 computer program (7). 
 
Results and Discussions 
Five loci (Tf, Al, Hb, EsA & EsC) out of seven gave interpretable results. The resolution of Ca 
and X could not be resolved. This may be attributed to the long period between sample collection 
and analysis (2 years), which may have affected the quality of the samples. Braend and Khanna 
(8) observed weaker Tf zones for samples kept at room temperature for several days than for 
corresponding zones in fresh or freshly frozen samples. Additionally, most proteins even the 
most stable such as Lactate dehydrogenase begin to degrade in activity and resolvability after 
prolonged storage under even the lowest temperatures (9). These observations demonstrate one 
clear disadvantage of protein markers; stringent requirement for fresh tissue samples and storage 
conditions. This may be major drawback when sampling populations in remote places. 
 
The five interpretable markers showed low levels of polymorphism in allele numbers and 
heterozygosity (Table 1) as compared to those observed using microsatellites (10) (11). 
However, blood protein polymorphisms have been used extensively to evaluate genetic diversity 
in sheep (12) (13), goats (14) and cattle (15). Protein electrophoresis does not distinguish all the 
genetic variability at a given structural gene locus (9) due to the low levels of variation in the 
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coding sequences relative to the other regions of the genome (10). Routine electrophoresis 
detects only the amino acid substitutions that result in differences in the net charge of proteins 
(16). This represents only a third of all the amino acid substitutions, as only approximately 30% 
of all amino acid substitutions on the exterior of the molecule results in a charge shift (9). 
Additionally, only the variability in the coding portions of the genome (which constitutes about 
10% of the total eukaryotic genome) can be sampled using protein electrophoresis. 
 
The significant multilocus FST value indicated that 8.3% of the total genetic variation was 
explained by population differences indicating a relatively low degree of gene flow between the 
populations analysed (Table 1). The FST value observed compares favorably to those observed in 
sheep (11) and cattle (15) studied using microsatellite markers.  
 
The genetic distance estimates showed the indigenous sheep populations to be closely genetically 
related (Table 2). However, the topology of the dendrogram showed a poor consistency with the 
morphological classification based on the localization of fat deposits (Fig 1). Blood proteins have 
been used successfully to differentiate between the indigenous African Bos taurus (Muturu and 
Ndama) breeds and Zebu breeds (8) and between other sheep populations (17) (18). A 
comparison of the average genetic distances obtained between the indigenous sheep populations 
in Kenya with those obtained from previous studies of recognized local breeds of sheep (13)  
(18) (19) reveal that the genetic differentiation of indigenous sheep populations in Kenya is of 
the same order of magnitude as that among well recognized and established breeds of sheep. 
However, higher estimates of genetic distances have been obtained in other breeds of sheep 
using microsatellite markers (11). To improve the accuracy of using protein polymorphism in 
population genetic studies, a minimum of 30 individuals in each population should be surveyed 
for approximately 30 loci (20). This is because the number of loci used in this type of study can 
represent less than one thousandth of the structural genes of an individuals genome (21). 
 
Conclusion 
The value of protein polymorphism lies on its emphasis on DNA sequences that are expressed 
phenotypically and when the protein coding loci are sufficiently variable to distinguish the 
population genetic structure. It offers a rapid, cheap, easy, expedient, reliable and legally 
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compelling means of investigating simultaneously, genetic variation of several functional genes 
in the same individual. Its equipment demands are modest and personnel can be trained quickly, 
although the interpretation of gel patterns requires considerable experience. The loci under study 
are unambiguously named and the functions of their products are known. Their use in population 
genetics is strengthened by the fact that they are inherited as Mendelian dominant characters and 
attempts have been made to associate them with quantitative traits (22) (23) and as aids to 
selection (24). DNA markers give larger genetic distances and higher heterozygosity values and 
thus are of value when analyzing closely related breeds or species. However, for populations 
whose genetic status is unknown, protein polymorphism may be used first to verify the degree of 
genetic relationship and to prioritize breeds to be analysed using microsatellites. 
 
References 
1. Avise, J.C., 1994. Molecular Genetic Markers, Natural History and Evolution. 1st edition. 
Chapman and Hall, New York, USA. 
 
2. Mwacharo, J.M., 2000. Characterisation of the gentic diversity of Kenyan indigenous sheep 
breeds using blood biochemical polymorphism. MSc. Thesis. University of Nairobi, Nairobi, 
Kenya, 119pp. 
 
3. Elston, R.C. and R. Forthofer, 1977. Testing for Hardy-Weinberg Equilibrium in small 
samples. Biometrics 33:536-542. 
 
4. Wright, S., 1978. Evolution and the genetics of populations. IV. Variability within and among 
natural populations. University of Chicago Press, Chicago. USA. 
 
5. Nei, M., 1972. Genetic distance between populations. Am. Nat. 106:283-292. 
 
6. Cavalli-Sforza, L.L. and A.W.F. Edwards, 1967. Phylogenetic Analysis: Models and 
Estimation Procedures. Evolution 21:550-570. 
 
  
 
5
7. Swofford, D.L. and R.B. Selander, 1989. BIOSYS-1. A computer program for the analysis of 
allelic variation in population genetics and biochemical systematics. Release 1.7, Illinois Natural 
History Survey, Campaign ILL., pp43. 
 
8. Braend, M. and N.D. Khanna, 1968. Haemoglobin and transferrin types of some West African 
cattle. Animal Production 10:129-134. 
 
9. May, B., 1992. Starch gel electrophoresis of allozymes. In Hoelzel, A.R. (eds). Molecular 
genetic analysis of populations: A practical approach. IRL Press at Oxford University Press, 
Oxford, London. UK. 
 
10. Arranz, J.J., Y. Bayon and F. San Primitivo, 1996. Comparison of protein markers and 
microsatellites in differentiation of cattle populations. Animal Genetics 27:415-419 
 
11. Arranz, J.J., Y. Bayon and F. San Primitivo, 1998. Genetic relationships among Spanish 
sheep using microsatellites. Animal Genetics 29:435-440. 
 
12. Clarke, S.W., E.M. Turker and D.R. Osterhoff, 1989. Blood groups and biochemical 
polymorphisms in the Namaqua sheep breed. Animal Blood Groups and Biochemical Genetics 
20:279-286. 
 
13. Missohou, A., T.C. Nguyen, R. Sow and A. Gueye, 1999. Blood Polymorphisms in West 
African Breeds of Sheep. Tropical Animal Health and Production 31:175-179. 
 
14. Tunon, M.J., P. Gonzalez and M. Vallejo, 1989. Genetic relationships between fourteen 
native Spanish breeds of goats. Animal Genetics 20:205-212. 
 
15. McHugh, D.E., R.T. Loftus, P. Cunningham and D.G. Bradley, 1998. Genetic structure of 
seven European cattle breeds assessed using 20 microsatellite markers. Animal Genetics 28:333-
340. 
 
  
 
6
16. Ayala, F.J. and J.A. Kiger, 1980. Gel electrophoresis. In Benjamin, C.A. Modern Genetics. 
Menlo Park, CA. USA. 
 
17. Zanotti Casati, M., G.C. Gandini and P. Leone, 1990. Genetic Variation and Distances of five 
Italian Native sheep Breeds. Animal Genetics 21:87-92. 
 
18. Nguyen, T.C., L. Morera, D. Llanes and P. Leger, 1992. Sheep blood polymorphisms and 
genetic divergence between French Rambouillet and Spanish Merino: Role of genetic drift. 
Animal Genetics 23:325-332. 
 
19. Ordas, J.G. and F. San Primitivo, 1986. Genetic variations in blood proteins within and 
between Spanish dairy sheep breeds. Animal Genetics 17:255-266. 
 
20. Nei, M., 1976. Mathematical models of speciation and genetic distance. In S. Karlin and E. 
Nevo (Eds). Population Genetics and Ecology. Academic Press, New York.USA pp723-766. 
 
21. Dobzhansky, Th., F.J. Ayala, G.L. Stebbins and J.W. Valentine, 1980. Evolucion. Omega, 
Barcelona. 
 
22. Dally, M.R., W. Hohenboken, D.L. Thomas and A.M. Craig, 1980. Relationship between 
Haemoglobin type and reproduction, lamb, wool and milk production and health related traits in 
crossbred ewes. Journal of Animal Science 50:418-427. 
 
23. Vicovan, G. and D. Rascu, 1989. Types of haemoglobin in sheep related to environmental 
adaptation. Archiva Zootechnica 1:33-44. 
 
24. Braend, M., 1981. Measures of genetic variability and aids to selection using blood types. In: 
Animal Genetic Resources Conservation and Management. Proceedings of the FAO/UNEP No. 
24 Technical Consultation. FAO, Rome, Italy. 243-262pp. 
 
Table 1. Genetic variability measures and coefficient of genetic differentiation 
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Locus Expected Heterozygosity Number of alleles per locus FST 
Albumin 0.119 1.29 0.046 
Haemoglobin 0.164 1.43 0.268 
Transferrin 0.562 4.14 0.034 
Esterase – A 0.340 2.00 0.122 
Esterase – C 0.157 2.00 0.082 
Mean value - - 0.083 
 
 
Table 2. Matrix of Dm and Da genetic distance measures 
Populations 1 2 3 4 5 6 7 
1. Kwale  0.002 0.004 0.015 0.030 0.006 0.077 
2. Makueni 0.045  0.004 0.007 0.018 0.005 0.056 
3. Siaya 0.060 0.065  0.020 0.037 0.011 0.072 
4. Kakamega 0.112 0.076 0.117  0.007 0.013 0.047 
5. Kajiado 0.146 0.114 0.170 0.104  0.018 0.030 
6. Isiolo 0.091 0.092 0.122 0.132 0.114  0.052 
7. Merino 0.280 0.259 0.286 0.250 0.192 0.243  
Above diagonal: Nei (1972) Minimum (Dm) genetic distance 
Below diagonal: Cavalli-Sforza and Edwards arc (Da) genetic distance 
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Cophenetic correlation coefficient = 0.948 
 
Figure 1. UPGMA tree constructed using Da genetic distance matrix  
 
